In order to characterize the biological functions coupled to cholecystokinin (CCK) A and B receptors, the effects of gastrin(2-17 ds) and caerulein were compared. An isolated cell model, the pancreatic acinar cell line AR4-2J, was used and the experiments were carried out in serum-free media. Caerulein was found to evoke no mitogenic effects either alone or in the presence of the CCK antagonists L364,718 and CR1409. Gastrin(2-17 ds) increased cell proliferation by 2-fold with an IC5o of 150 pM, corresponding to the occupancy of the CCK B receptors. CR1409, at concentrations that fully occupied CCK B receptors, inhibited the gastrin(2-17 ds) effects.
INTRODUCTION
Cholecystokinin (CCK) and gastrin exert important regulatory effects on digestive cells including pancreatic acinar cells [1, 2] . Pancreatic acinar cells from dog and guinea pig possess two classes of CCK receptors [3, 4] . CCK A receptors have a high affinity for CCK and a low affinity for gastrin peptides, whereas CCK B receptors do not discriminate between CCK and gastrin peptides.
In vivo studies have shown that CCK and caerulein, a decapeptide structurally related to the C-terminal sequence of CCK, control the synthesis and secretion of digestive enzymes [5, 6] . These peptides modulate the relative amounts of the secretory enzymes, acting preferentially on the biosynthesis of serine proteinases rather than that of amylase [5] . After repeated injections, they also induce pancreatic hypertrophy and hyperplasy. Although gastrin, at high concentration only, has been reported to stimulate the secretion of pancreatic enzymes in dog and guinea pig [3, 4] , its effects on enzyme synthesis are not yet known. Therefore the CCK receptor subtype involved in the induction of secretory-enzyme biosynthesis is not clearly es- tablished.
Since it is difficult to define the functions specific to each class of CCK receptor from studies performed in vivo, isolated systems such as the rat pancreatic acinar cell line AR4-2J [7] [8] [9] [10] have recently been used. This cell line possesses both CCK A and CCK B receptor subtypes [9, 10] . CCK-9 and caerulein interact with CCK A receptors with high affinity, in the nanomolar range [10] , whereas desulphated gastrin (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) , namely gastrin(2-17ds), interacts with CCK A receptors with a 1000-fold lower affinity.
On the other hand, CCK-9, cacrulein and gastrin (2-17ds) have and the corresponding mRNA level by 75 %; amylase biosynthesis and mRNA level were enhanced by 400% only.
Half-maximal increases in chymotrypsin activity and mRNA level were recorded in response to caerulein at concentrations of 100 pM and 50 pM respectively. Gastrin(2-17 ds) at 100 nM enhanced chymotrypsinogen biosynthesis by 26 % and its mRNA level by 350%; these responses were lower than those evoked by 0.1 nM cacrulein. Furthermore, CR1409 completely inhibited caerulein-and gastrin(2-17 ds)-stimulated chymotrypsinogen synthesis, with similar IC50 (4 uM). These results suggest that both peptides induced the synthesis of the secretory enzyme after occupancy of CCK A receptors.
comparably high affinities for CCK B receptors (Kd in the nanomolar range) [10] . Therefore CCK and caerulein do not discriminate between the two receptor subtypes. It has been established in our laboratory that the occupancy of CCK B receptors by gastrin stimulates ornithine decarboxylase activity in AR4-2J cells, an early event associated with cell proliferation [10,1 1] .
In the present study, in order to characterize the CCK receptors involved in pancreatic enzyme induction, we compared the effects of caerulein and gastrin(2-17ds). AR4-2J cells were cultured in serum-free medium, in order to prevent interference by serum factors, and in 4.5 g/l glucose since, in preliminary studies, enzyme inductions were found to be higher than in 1 [13] . Chymotrypsin activity was measured spectrophotometrically as described by Hummel [14] , after activation of the zymogen by trypsin (10 ,tg/ml at 4°C for 2 h). BTEE was used as substrate at a final concentration of 0.5 mM. The molar absorption coefficient used for BTEE was 964 M-1 cm-' [14] . Activities are expressed as ,umol of substrate hydrolysed/min per mg of cell DNA present in the same culture dish.
DNA concentration DNA was measured as described by Burton with calf thymus DNA as reference [15] .
Quantffication of mRNA Total RNA was prepared using the guanidinium thiocyanate method [16] and further purified by sedimentation through a layer of 5.7 M CsCl [17] . The concentration ofindividual mRNAs was determined by slot-blot hybridizations. For this purpose, RNA samples were denatured and spotted at five different concentrations (1-5 jug) on to a nitrocellulose filter [17] . The filters were baked at 80°C for 2 h, and prehybridized at 42°C for 3 h in a 6 x SSC, 0.5 % SDS, 5 x Denhardt's solution and with 100 ,ug/l salmon sperm DNA previously heated at 100°C for 10 min. The filters were then hybridized at 42°C for 16 h with 32P nick-translated cDNA probes (specific radioactivities about 2 x 107 c.p.m./,ug). A 702 bp cDNA clone encoding rat pancreatic amylase mRNA [18] and a 621 bp cDNA clone encoding rat pancreatic chymotrypsinogen mRNA [19] were used. After hybridization, the filters were washed and exposed to X-ray films. The radioactivity of each spot was quantified by Cerenkov counting using a Packard Tri-Carb scintillation unit.
Statistics
Statistical analyses were carried out using Student's t test.
RESULTS

Binding studies
The existence of CCK A and B binding sites has been previously demonstrated on AR4-2J cells cultured in 1 g/l glucose [9, 10] . We checked the presence of the two CCK-binding subtypes on showed that the Kd of the first site was 7 nM and that of the second site 0.5 ,M. Thus labelled CCK-9 occupied two binding sites. Caerulein had the same high affinity for both sites whereas gastrin(2-17ds) was able to discriminate between them. The first site, exhibiting high affinity for caerulein and gastrin(2-17ds), corresponds to the previously described CCK B receptor [10] , and the second one, with high affinity for caerulein and low affinity for gastrin(2-1 7ds), corresponds to CCK A receptor [10] .
In contrast, caerulein and gastrin(2-1 7ds) inhibited 1251_ gastrin(2-17ds) binding with comparable potencies (Figure lb AR4-2J cells were plated at 30000 cells/cm2 in 10% FCS. After 18 h, the medium was removed, the cells were washed and grown in Hepes-buffered serum-free medium for 48 h in the presence of peptides added daily. Results are expressed as the percentage increase in enzyme activity compared with controls (100%). Values are means+ S.D. (n = 6). ***P < 0.001; ** P < 0.01; * P < 0.05. C, control (i.e. no peptide added).
as reported for CCK B sites [10] . Scatchard analysis of the data reported in Figure l (b) revealed a single class of binding sites with a Kd of 1 nM for both caerulein and gastrin(2-17ds) and a BmaX of only 120 fmol/1Oi cells. As found at low glucose concentrations, the CCK A and B sites respectively represented about 60 % and 40 % of the total CCK-binding sites.
A comparison, between the present data and those previously obtained at lower glucose concentration [9, 10] by the DNA contents of the culture dishes (Figure 2 ). This effect was detectable at concentrations above 10 pM and the halfEnzyme induction Enzyme secretion in serum-free culture media is linear for 48 h in both unstimulated and stimulated cells [20] . No chymotrypsin activity was detected in either the cells or the secretion before the addition of activating trypsin. The possibility that the secreted enzymes may have been degraded by proteolysis was checked by adding known amounts of amylase and chymotrypsinogen to the culture media, and then incubating the media in the presence or absence of AR4-2J cells, as under the growth conditions. No decrease in enzyme activity was observed during the 48 h incubation period.
Chymotrypsin activity was measured in cells and secretion after 48 h treatment with either caerulein or gastrin(2-17ds). Caerulein induced a concentration-dependent increase in chymotrypsin activity in the secretion medium (Figure 3a) but not in the cells (not shown), indicating that synthesis of the enzyme was enhanced without any change in the cell storage compartment.
The amount of secreted enzyme accounted for more than 90 % ofthe total enzyme activity (medium plus cell content) in whatever conditions. The effects on enzyme synthesis were detectable at a caerulein concentration of 10 pM and the half-maximal response occurred at 100 pM. The maximal response observed for chymotrypsinogen induction was 100 % (6.36 + 0.22 units/mg of DNA and 3.18 + 0.31 units/mg of DNA with caeruleinstimulated cells and controls respectively) (Figure 3a) , whereas gastrin(2-17ds) at the maximal concentration used (100 nM) led only to a small increase (26 % increase).
Caerulein stimulated amylase synthesis is a dose-dependent manner, with a maximal effect of 40 % as compared with the control values (2446 + 66 units/mg of DNA in caerulein-treated cells and 1653 + 165 units/mg of DNA in controls) ( Figure 3b) . As in the case of proteolytic enzyme, the increase in amylase activity was found to occur only in the secretion and not in the cells and the amount of amylase secreted corresponded to more than 90 % of the total activity. Amylase synthesis at the gastrin(2-17ds) concentration of 100 nM did not differ statistically from that of unstimulated cells (1983 + 115 units/mg of DNA and 1653 + 165 units/mg of DNA respectively in gastrinstimulated cells and controls).
These data show that caerulein stimulated biosynthesis of the secretory enzymes at lower concentrations than did gastrin(2-17ds) and that the increase in amylase synthesis was less important than that of chymotrypsinogen.
Effects of caerulein and gastrin(2-17ds) on the mRNA levels of the secretory enzymes
The differences observed in the enzyme levels induced by the two peptides might simply be due to a translational control of enzyme synthesis. In order to test this hypothesis, variations in the amount of the transcript concentrations of both enzymes were analysed. Chymotrypsinogen mRNA The effects of various concentrations of caerulein and gastrin(2-17ds) on chymotrypsinogen mRNA levels are given in Figure 4 (a). At the concentrations tested, caerulein was more effective than gastrin(2-l7ds). Chymotrypsinogen mRNA level was enhanced by caerulein at concentrations as low as 10 pM, and the IC50 was 50 pM. The maximal increase in mRNA level observed was 75 % of that found in unstimulated cells.
Gastrin(2-17ds) at the high concentration of 100 nM increased the mRNA level by only 3500.
Amylase mRNA
Caerulein and gastrin(2-17ds) increased the cell contents of amylase mRNA (Figure 4b ) at lower amounts than those found for the chymotrypsinogen mRNA, as in the case of enzyme activity. The increase in amylase mRNA occurred at higher gastrin(2-17ds) than caerulein concentrations. At 100 nM, caerulein and gastrin(2-17ds) enhanced the transcript levels by 400% and 320% respectively (Figure 4b ).
These data show that the different effects of the two peptides on enzyme induction did not take place at the translational level. On the other hand, as observed in the case of enzyme synthesis, caerulein was more potent than gastrin(2-17ds). [10] . CR1409, used at a concentration of 100 ,uM, interacting with both CCK A and B receptors [1 1,21] . These two antagonists when tested alone had no effect on cell proliferation. For growth-inhibition studies, cells were stimulated for 48 h with increasing concentrations of caerulein or gastrin(2-17ds), from 0.1 nM to 10 nM, in the presence of a fixed amount of antagonist. L364,718 did not modify either the level of the growth-promoting effect of gastrin(2-17ds) or the pattern ofthe dose-response curve (Table 1 ). In contrast, CR1409 completely inhibited the effects of gastrin(2-17ds) (Table 1) . Caerulein had no effect on cell growth even in the presence of antagonists. These results, which are comparable with those previously found for AR4-2J cells cultured at 1 g/l glucose [11] , suggest the involvement of CCK B receptors in the gastrin(2-17ds)-induced proliferation. The two CCK antagonists, L364,718 and CR1409, were also used to confirm whether the CCK A receptors were involved in the enzyme induction. L364,718 used alone at a concentration of 1 nM was found to induce enzyme synthesis. Chymotrypsinogen was increased by 66 % compared with the controls, and amylase by 10 %. CR1409 alone did not modify the enzyme synthesis. In the presence of caerulein (10 nM) and increasing amounts of CR1409, a concentration-dependent inhibition of caeruleinstimulated chymotrypsin activity was observed during a 48 h treatment of AR4-2J cells ( Figure 5) . A near-total inhibition was found to occur at a CR1409 concentration of 30 ,M. In the presence of gastrin(2-17 ds) at a concentration of 200 nM which induces a 30 % increase in chymotrypsinogen biosynthesis, the antagonist inhibited the enzyme synthesis with a dose-response curve close to that obtained with caerulein ( Figure 5 ). Our results show that gastrin(2-l7ds) increased AR4-2J cell proliferation. The concentration found to evoke the mitogenic response corresponded to the occupancy of CCK B receptors (half-maximal response at 0.1 nM). Concentrations of gastrin(2-17ds) above 10 nM decreased cell proliferation. A similar inhibitory effect of high concentrations of gastrin-1 7 was also reported for seleniomethionine uptake at AR4-2J cells [22] and for growth promotion of colon cancer cells [23] . Caerulein, which also interacts with CCK B receptors, did not induce any mitogenic effect. To define the CCK receptor subtype involved in the gastrin(2-17 ds) action more precisely, three antagonists were tested. However, one of them, CR1505, was found to be toxic during chronic cell treatment and was not further analysed. L364,718 is one of the most efficient discriminating agents [24] [25] [26] : its affinity for CCK A receptors on AR4-2J cells is 1000 times higher than that for CCK B receptors (IC5o 0.2 nM for CCK A and 0.3,uM for CCK B [10] ). At a concentration of 1 nM, at which CCK A receptors are fully occupied t10], L364,718 did not modify gastrin(2-17 ds)-stimulated growth. In contrast, CR1409, at a concentration of 100 ,M at which it interacts with both CCK receptors [11] , abolished the effects of gastrin(2-17 ds). The lack of caerulein effect on cell proliferation was not modified by the two antagonists. These results suggest that the proliferative response was evoked by activation of for the same cell line by using the CCK B antagonist L365,260 122]. The mechanisms involved in the lack of caerulein action on cell growth and on ornithine decarboxylase activity [11] have not yet been established. The intracellular events evoked by gastrin and caerulein acting on their specific receptors seem to differ. A tyrosine kinase activity has been reported to be coupled to the gastrin receptor [27] , whereas phosphatidylinositol breakdown, Ca2l release and protein kinase C activation mediate the effects produced by the occupancy by CCK peptides of the CCK A receptor [28] [20] or gastrin(2-17ds). Owing to its greater induction, the chymotrypsinogen response could be analysed more closely than that of amylase. The caerulein concentrations producing half-maximal responses in chymotrypsinogen synthesis and mRNA level (100 and 50 pM respectively) were lower than the Kd of caerulein for CCK A and B sites (700 pM), as already reported for other biological effects of CCK on acinar cells [29] . The 2-fold enhancement of the proteolytic enzyme caused by caerulein was comparable with that observed in vivo during chronic caerulein stimulation [30, 31] . Amylase was found to be less sensitive to caerulein (40 % increase), in agreement with in vivo data (29 %) obtained during long-term stimulation [31] . In AR4-2J cells, the increase in chymotrypsinogen mRNA (75 %) was only slightly lower than that of the corresponding protein (100 %), suggesting that the translational control or chymotrypsinogen synthesis by caerulein plays a less important role in vitro than in vivo [30] . One of the most interesting post-receptor events induced by caerulein in vivo, as in AR4-2J cells, is the increase in levels of secretory-enzyme mRNA. At present, two points need to be analysed in AR4-2J cells: the first one deals with the molecular mechanisms involved in the action of CCK, the second one with the CCK-regulated regions of the pancreatic genes.
DISCUSSION
